The purpose of this study was to investigate the effect of isoflurane anaesthesia in the rat prior to decapitation on metabolites of interest in studies of carnitine metabolism. Male and female fed and starved rats were allocated to either the decapitation group, or to the anaesthesiadecapitation group. Six animals were allocated to each treatment. Within each gender and within feeding status, there were no significant effects of isoflurane anaesthesia with regard to plasma and liver carnitine, plasma fJ-hydroxybutyrate and free fatty acids, or liver free fatty acids, triglycerides, free CoA, and acetyl CoA (P>0.05). It was concluded that isoflurane anaesthesia can be used in studies of carnitine metabolism where the rat is used as a model.
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Carnitine is a naturally occurring compound in mammalian energy metabolism. Its functions include the facilitation of long-chain fatty acid oxidation, elimination of toxic metabolites of acyl CoA excess, modulation of free CoA to acyl CoA ratio, and the intercompartmental shuttling of energy substrates (Borum 1986) . Carnitine is present in numerous animal tissues (FraenkeI1953), and its biosynthetic pathway in animals has been well characterized ITanphaichitr & Broquist 1973 , Hoppel et al. 1980 , Hulse & Henderson 1980 .The rat is the animal model of choice for the study of carnitine metabolism.
One aspect of these -studies is the need to kill the rat by decapitation. This is based on the studies of Brass and Hoppel (1981) , Kerner and Bieber (1983) and Zierz and Schmitt (1989) ,who have shown alterations in carnitine and fat metabolism in tissues obtained during anaesthesia. Nevertheless, an alternative to decapitation without anaesthesia would be preferable.
Correspondence to: Alan T. Davis, PhD, Clinical Nutrition Laboratory. Butterworth Hospital. 100 Michigan NE, Grand Rapids, MI49503. USA. Tel: (616) 454 9960; Fax: (616) 454 9227; email: davisa@pilot.msu.edu Accepted 21 May 1996 One such alternative may be decapitation under isoflurane anaesthesia. Isoflurane is a methyl ethyl ether. Previous work with humans has shown that less than 0.2% of an administered dose of isoflurane appeared in the urine as non-isoflurane metabolites (Holaday et al. 19751 .Due to this low metabolism, isoflurane is not thought to be hepatotoxic or nephrotoxic IEger 1981). Additional work in rodent models supports this hypothesis (Stevens et al. 1975 , Harper et al. 1980 , Zumbiel et al. 1978 .
The purpose of this study was to determine if the anaesthetic isoflurane can be used in carnitine studies without altering carnitine and/or fat metabolism. Use of an anaesthetic would enable the acquisition of samples from a less-stressed animal. It would also enable the utilization of surgical models, without the risk of obtaining artefactual effects.
Materials and methods
Twenty-four weanling male and 24 weanling female Sprague-Dawley outbred rats (Charles River Laboratories, Wilmington, MA, USA) were used. They were housed in LaboratoryAnimals (1996) ii: 0 analysed for CoA and acetyl CoA as described by Corkey (1988) . Free fatty acids and triglycerides were also determined in liver, using kits from Sigma Chemical Company (St Louis, MO, USAI. The frozen plasma and liver were analysed for carnitine as described previously (1990) .
For each gender, the 2-way ANOVA was used to compare differences between anaesthetized and non-anaesthetized animals, during starvation and during feeding. Data for the males was analysed separately from the data for the female,s. The Student-Newman-Keuls' test was used to determine differences between individual means. Differences were assessed at P<0.05.
polycarbonate cages (Lab Products, Maywood, NT, USA), with heat-treated Aspen chips as bedding (Northeastern Products Corp., Caspian, MI, USA). The rats were fed a nutritionally complete purified diet, AIN-76A (Teklad, Madison, WI, USA). Food and water were supplied ad lib. Animals were maintained on a light/dark cycle of 12h/12h, a temperature of 24 a C, and a relative humidity of 45%, with 10 air changes per hour.
The rats were fed the purified diet for one week. After 7 days of feeding, half of the rats were fed for an additional 2 days, while the remaining rats were starved for 2 days. After this 9-day period, all rats were killed. From each gender, 6 fed and 6 starved rats were killed by decapitation, while the remaining animals were anaesthetized with isoflurane, and then killed by decapitation.
The isoflurane used was Isoflo (Abbott Laboratories, North Chicago, IL, USA). It was administered at a flow of 4 L/min of O2 containing 4 % Isoflo, and was delivered into a Plexiglas induction tank (7374cm 3 ) which contained the same type of bedding as described previously. The anaesthesia endpoint was determined when the animal had lost its righting reflex and had slowed its respiratory rate. This took 155 ± 15 s (x± SO, n=12), as determined for the male rats. At this time, the animal was removed from the cage, and handled as described below.
In both groups, the animals were decapitated. The blood was obtained immediately after death, collected in heparinized containers, and put on ice. An aliquot was assayed directly, while another portion was frozen at -Boac until further analysis. Livers were rapidly excised and frozen with aluminium tongs cooled in liquid nitrogen. The livers were frozen at -80 a C until further analysis. Each of the treatment groups had a sample size of 6.
The plasma was analysed immediately for fJ-hydroxybutyrate and acetoacetate, and after storage plasma was analysed for free fatty acids. The fJ-hydroxybutyrate and free fatty acids were determined using kits from Sigma Chemical Company (St Louis, MO, USAl, while acetoacetate was determined using the method of Mellanby and Williamson (1974) . , Frozen liver from the female rats was , and total carnitine from male rats, fed and starved, with and without the use of isoflurane. Bars represent the means of 6 animals per group. The pooled SEM forthe Free, SCAC, LCAC,and Total carnitine fractions were 3.2, 9.5, 8.5, and 11.6.There were significant effects due to starvation in all of the groups either plasma or liver in males (Figs 1 and 3) or females (Figs 2 and 4 ). There was a significant effect of starvation, which has been shown previously in the rat (Brass & Hoppel 1978) . Plasma and liver metabolite data for the males is shown in Table I , and for the females in Table 2 . No significant effects due to anaesthesia were noted for either gender.
Discussion
One of the concerns with any in vivo metabolic study is to reduce the prospect of artefacts due to the choice of methods used in the experiment. In the particular case of studies of carnitine metabolism, questions have been raised previously about the use of anaesthetics. Brass and Hoppel (1981) ran a study using male, 250 to 350 g Sprague-Dawley rats to determine whether the administration of diethyl ether (ether) anaesthesia affected concentrations of metabolites relevant to carnitine and fat metabolism. Anaesthetic was administered by inhalation in a closed chamber. The samples were taken 10 s after cessation of voluntary motion. A significant depression in plasma free fatty acids and acetoacetate in starved rats under ether anaesthesia, compared to starved controls, was found. They also found a significant depression in liver free CoA in fed rats, and in liver total carnitine and short chain acylcarnitine in starved rats under ether anaesthesia.
Levels of liver free CoA and acetyl CoA were also obtained from the female rats. Although there was a significant effect of starvation, there were no differences due to use of anaesthesia. 'Values expressed for the fed and fasted groups are means; n=6 for all groups 2Pooled standard error term for the factorial analysis of variance; all metabolites showed a significant starvation effect 3Due to the lack of normal distribution, the data were transformed by taking the natural logarithm of each value prior to the analysis. The SErepresents the pooled standard error of the transformed data Kemer and Bieber (1983) studied the effect of sodium pentobarbital anaesthesia on the skeletal muscle camitine concentrations of 330 to 360 g male Sprague-Dawley rats.
Anaesthetic was induced with a 60 mg/kg intraperitoneal injection. Due to the other purposes of the study, the anaesthetic was administered 20 min prior to collection of the samples. They measured camitine levels in both red and white skeletal muscle, in fed and starved rats. Regardless of muscle type or fed state, anaesthetized rats had a significantly depressed proportion of acylated to nonacylated camitine, due to significantly lower concentrations of acetylcamitine.
Based on these reports, most non-surgical studies of camitine metabolism do not involve the use of anaesthesia. Yet for a variety of reasons, it would be preferable to identify an anaesthetic which would not affect the parameters of interest. One is the issue of surgical studies. In these experiments, an anaesthetic must be used. However, if the anaesthetic is suspected of causing artefacts, it becomes difficult to compare the results to non-surgical studies where no anaesthetic was used. Another issue is the effect of stress to the animal prior to decapitation without the use of anaesthesia. Finally, the American Veterinary Medical Association Panel on Euthanasia (1993) considers decapitation without anaesthesia only a conditionally acceptable procedure.
The current study was designed to address these issues. The anaesthetic selected for these experiments was isoflurane. One reason 'Values expressed for the fed and fasted groups are means; n=6 for all groups 2pooled standard error term for the factorial analysis of variance; all metabolites showed a significant starvation effect for its selection is the minimal amount of degradation that isoflurane undergoes in the mammal (Holaday et al. 1975) .Another is that isoflurane has been shown not to be hepatotoxic or nephrotoxic (Stevens et al. 1975 , Harper et al. 1980 , Zumbiel et al. 1978 .
A third consideration is the rapidity with which the anaesthesia can be achieved. Yet another is that, due to the structure of isoflurane, it is essentially non-flammable under normal experimental conditions [Eger 1981 ). In contrast, ether anaesthesia is known to depress kidney and liver function and is flammable [Sutherland 1970 ). Ether vapour also has a much higher blood: gas partition coefficient compared to isoflurane (15.2 and 1.4, respectively; Sutherland 1970 , Eger 1981 . For practical purposes, this means that induction of anaesthesia with ether will take longer than induction using isoflurane. Pentobarbital anaesthesia, when administered intraperitoneally, takes at least 10min to take effect in the rat. In addition, this drug is almost completely metabolized and/or conjugated by the liver before excretion in the urine (Rall1990).
Thus, isoflurane has clear advantages over these other two compounds. Nevertheless, these advantages would be moot if it could not be shown that isoflurane had no effect upon the metabolites of interest. Thus, the current experiment was designed to determine if isoflurane would affect concentrations of carnitine, camitine fractions, and parameters of fat metabolism in rats. Concurrent studies in this laboratory are concentrating on weanling, Sprague-Dawley rats, male and female, fed and fasted. The fasting period in these ongoing studies has been 48 h, the same as that used in this report. Thus, the current study was designed to investigate the effects of isoflurane anaesthesia in these animals. As demonstrated in Figs 1 through 4 and Tables 1 and 2, isoflurane anaesthesia had no effect on any of the plasma or liver metabolites that were measured. This was true regardless of the fed state or the gender of the animal.
In conclusion, isoflurane has been shown to have several advantages as an anaesthetic, including speed of action, non-flammability, 381 minimal metabolism, and lack of toxicity in the liver and kidney. In this study, isoflurane anaesthesia caused no alterations in metabolites of interest in carnitine metabolism in fed or fasted, male or female rats. In studies of the metabolism of camitine in the rat, isoflurane should be utilized whenever the use of an anaesthetic is warranted.
